12 Bootis is a double-lined spectroscopic binary whose orbit has been resolved by interferometry. We present a detailed modelling of the system and show that the available observational constraints can be reproduced by models at different evolutionary stages, depending on the details of extra-mixing processes acting in the central regions. In order to discriminate among these theoretical scenarios, additional and independent observational constraints are needed: we show that these could be provided by solar-like oscillations, that are expected to be excited in both system components.
OBSERVATIONAL CONSTRAINTS
The physical parameters of the system have been precisely determined by [1] combining interferometric and spectroscopic observations. A further improvement in the determination of the spectroscopic orbit by [2] , combined with interferometric data, confirms the values of the masses derived by [1] and reduces the associated error bars. The observational constraints we assume in our modelling are taken from Table 5 of [1] that, for the sake of convenience, we report here in Table 1 . As reviewed in [1] spectroscopic studies of 12 Bootis in the literature ( [3] ; [4] ) indicate a metallicity within 0.1 dex of the solar value.
MODELLING 12 BOOTIS
We model the binary system considering as free parameters the initial chemical composition (described by the the hydrogen and heavy-elements mass fraction, X and Z), the amount of overshooting, the age and the masses of the components. These parameters are changed in order to reproduce the observational constraints presented in the previous section, as well as the additional constraint of same age and initial chemical composition for both components. A standard χ 2 is used as a goodnessof-fit measurement so that each observable is taken into account along with its uncertainty. The stellar models are computed using CLES (Code Ligeois d'Evolution Stellaire). The standard physics used is: OPAL01 EOS [5] ; OPAL96 [6] opacity tables complemented with [7] at T < 10000 K. Nuclear reaction rates from [8] updated with the recent measurement of the 14 N(p, γ) 15 O reaction rate [9] ; standard solar mixture [10] , and atmospheric boundary conditions at T = T eff given by [11] . Chemical mixing in the formal convective region (Schwarzschild criterion) and in the overshooting layer is treated as instantaneous, the thickness of the overshooting layer Λ OV is expressed in terms of a parameter α OV , so that Λ OV = α OV min(r cc , H p (r cc )), where r cc is the radius of the convective core.
As noticed in [1] the result of the fit is highly dependent on the model details. We model the system considering different values of overshooting (the same for both components) and find solutions for α OV ≥ 0.06. The evolutionary state of the solution depends on α OV , as described below (see also Table 2 ). For the lowest values of overshooting the situation is the one described in the upper-left panel of Fig. 1 , that is: the primary component close to the maximum luminosity in the shell-hydrogen burning phase, whereas the secondary, with a Xc=0.06, is at the end of its central hydrogen-burning phase. As α OV increases, the evolutionary state of A component approaches the TAMS. With α OV ≃ 0.15 (upper-right panel of Fig. 1 ) the primary is burning hydrogen in a thick shell while the component B is well on the main sequence. A further increase of the overshooting parameter α OV 0.2 places the primary in the rapid overall contraction phase (Fig. 1, lower-left panel) whereas, for even larger values of α OV , L B increases out of the error ellipse and therefore worsens the fit.
If we seek a solution where both components are on the Main-Sequence, then the main obstacle is to reproduce the observed luminosity ratio L A /L B ∼ 1.65. In fact, as both components have the same age and initial chemical composition, and if the same amount of extra-mixing in the core is considered, the luminosity ratio in the mainsequence is determined by the difference of mass between the components (q ∼ 0.97), and does not significantly depend on the choice of the other parameters in the modelling. Regardless of the choice of the parameter set ( X, Z, α OV ), all the models computed with α OV,A = α OV,B provide (L A /L B ) MS ≃ 1.15. A higher value of the luminosity ratio can be reached if α OV,A > α OV,B . Therefore, the only possibility we find to place both components in their MS phase is to assume a different effect of mixing processes in component A and B, as in the model plotted in the lower-right panel of Fig. 1 (model d in Table 2 ).
Solar-like oscillations
Solar-like oscillations are expected to be excited in both components of the system. As the primary is expected to dominate the observed light spectrum, due to its larger luminosity, we here discuss the seismic properties solely Table 2 . Parameters of the models presented in Fig. 1 . Fig. 1 As the components of 12 Bootis are massive enough to develop a convective core during the main sequence, the combined action of nuclear burning and convective mixing is responsible for the development of a steep chemical composition gradient at the boundary of the convective core. As a star leaves the main-sequence, the increasing central condensation, together with the steep chemical composition gradient in the central regions, leads to a large increase of the buoyancy frequency and therefore of the frequencies of gravity modes. The latter interact with p-modes and affect the properties of non-radial solar-like oscillations by avoided crossings (see e.g. [12] , [13] ). As already investigated in the case of η Bootis [see e.g. 14], the frequencies of modes undergoing an avoided-crossing are direct probes of the central structure of intermediate mass stars and, therefore, of their evolutionary status.
Figure 2. Large frequency separation as a function of the frequency for the models described in
In Fig. 2 we compare the large frequency separation ∆ν for radial and ℓ = 1 modes computed for the models shown in Fig. 1 . Even though radial modes do not give information on the evolutionary status of the star, since they are mainly determined by the stellar mass and radius, ℓ = 1 modes allow a clear discrimination among the scenarios. In the domain of solar-like oscillations, whereas modes of mixed p and g character are not present in the model on the main sequence (Fig. 2, panel d) , they do affect, at relatively low frequencies, the model in the overall contraction phase (panel c) and break the regular frequency spacing in more evolved models (panel a and b).
In the models considered, the radical variation of the properties of ℓ = 1 modes derives from a considerable change of the Brunt-Väisälä frequency near the center of the star (see Fig. 3 ) as hydrogen is exhausted throughout the convective core and the star undergoes an overall contraction.
DISCUSSION
The binary system 12 Bootis represents as an ideal candidate to test extra-mixing processes in intermediate-mass stars. The combination of the already available precise observational constraints with solar-like oscillations would allow a reliable determination of the extension of the convective core during the main sequence and of the properties of the central region of the star. A more detailed modelling of the system (including the effects of diffusive overshooting [15] and microscopic diffusion [16] ) will be presented in a forthcoming paper.
